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(54) Information recording/reproducing apparatus 



(57) An information recording/reproducing appara- 
tus (1 00) includes an optical device (2), a photo-detector 
(20) and a calculation unit (30). The optical device irra- 
diates light beams, Including one main beam and at 
least two sub-beams with respect to an information re- 
cording medium (1). The photo-detector receives return 
lights of the main beam and sub-beams to output light 
detection signals (F, E). The calculation unit produces a 
tracking error signal (DPP) and a position information 



signal (RC) based on the light detection signals. The op- 
tical device irradiates the at least two sub-beams onto 
positions shifted to opposite sides of a center of the 
guide track, respectively, when the main beam is being 
irradiated onto a center of the information recording 
track. Thus, the apparatus produces the tracking error 
signal and the position information signal by utilizing a 
common optical system and a common signal process- 
ing system and thereby executes tracking servo control 
and random access processing with high accuracy. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention belongs to a technical 
field of information recording apparatus that records in- 
formation on an information recording medium such as 
aCD-R(Compactdisc-Recordable),aDVD-R(DVD-Re- 
cordable), ora DVD-RW (DVD-Rewritable) and informa- 
tion recording/reproducing apparatus that reproduces 
information from such an information recording medium. 
Particularly, the present invention relates to a tracking 
servo technique and a control of movement of a light 
beam at the time of random access, etc. 

Description of Related Art 

[0002] As an information recording medium on which 
additional writing or rewriting information is possible, 
there are known an optical disc such as a CD-R, a 
DVD-R, and a DVD-RW. On each of those information 
recording media, tracks for recording information (called 
"information recording track" or "groove") and lands for 
guiding the light beam (called "guidetrack" or "land") are 
spirally alternately formed In the manner adjoining with 
each other. On the track for recording Information, con- 
tents Information such as video information and/or audio 
information can be optically recorded. Also, the guide 
track is provided to cause the light beam to correctly fol- 
low the Information recording track, especially in a non- 
recorded area of the disc. 

[0003] When recording information on the information 
recording medium or reproducing information from the 
information recording medium, it is needed to accurately 
position the light beam on the information recording 
track. Therefore, in the information recording/reproduc- 
ing apparatus, the tracking servo control is performed. 
[0004] In a differential push-pull method known as a 
representative tracking servo technique, one main 
beam Is irradiated onto the information recording track 
and two sub-beams are Irradiated onto the adjoining 
guide tracks on both sides of the information recording 
track on which the main beam is irradiated. The return 
lights of the light beams irradiated onto the respective 
tracks are received by a two-divided orfour-divided type 
photo-detector. Push-pull signals corresponding to the 
three beams are produced from the electric signals out- 
put from the photo-detector. After adjusting the signal 
amplitude based on the difference in quantity of light 
beams between the main beam and each of the sub- 
beams, the sum of the push-pull signals corresponding 
to the sub-beams is subtracted from the push-pull signal 
corresponding to the main beam, thereby a differential 
tracking error signal is obtained. The servo control cir- 
cuit controls the position of the light beam from the pick- 
up so that this differential tracking error signal becomes 
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zero, thereby causing the light beam to trace the infor- 
mation recording track. In this way, the light beam for 
recording or reproducing information is so controlled as 
to be exactly positioned on the information recording 
s track. 

[0005] In such an information recording/reproducing 
apparatus, so-called "random access processing" (re- 
cording/reproduction) can be performed. The "random 
access processing" is a processing for changing the in- 
fo formation recording or reproducing position on the infor- 
mation recording medium. In other words, it means that, 
during recording or reproduction with respect to an in- 
formation recording track of the information recording 
medium, according to the user's command or else, the 

is light beam is moved to another Information recording 
track to perform recording or reproduction with respect 
to the information recording track after the movement. 
In this case, as the processing of the information record- 
ing/reproducing apparatus, the above-described track- 

20 ing servo control is once made ineffective, the optical 
pickup up Is moved to the vicinity of a target Information 
recording track on the information recording medium, 
the tracking servo control is restarted to position the light 
beam on the target information recording track, and then 

25 the recording or reproduction is restarted. 

[0006] When moving the optical pickup to the vicinity 
of the target information recording track, generally the 
number of the tracks that the light beam traversed in the 
radial direction of the Information medium is counted by 

3D referring to the tracking signal. The radial contrast signal 
is produced according to the amplitude or else of an RF 
signal obtained by moving the light beam in the radial 
direction of the information recording medium, and it ba- 
sically indicates the fluctuation in the amplitude of the 

as RF signal depending upon the cross-sectional shape or 
configuration in the radial direction of the information re- 
cording medium. The light beam is moved to the vicinity 
of the target track by counting the tracking signals and, 
when closing the tracking servo loop, the position of the 

40 light beam with respect to the target track is detected by 
using the tracking signal and radial contrast signal. 
Thereby, the light beam is appropriately positioned on 
the target track and tracking servo loop is smoothly 
closed. 

4s [0007] Atthistime, if information has already been re- 
corded on the information recording medium, the RF 
signal is obtained by moving the light beam in the radial 
direction of the information recording medium, and 
hence the radial contrastsignal is clearly obtained. How- 

so ever, since no clear RF signal is obtained in the non- 
recorded area of the information recording medium, 
there is the problem that It is difficult to obtain a radial 
contrast signal whose amplitude distinctly changes. 
[0008] For this reason, the Inventors of the present 

55 invention previously proposed a method of obtaining 
clear radial contrastsignal even in a non-recorded area. 
Specifically, in the information recording/reproducing 
apparatus using a 3-beam type optical pickup, two sub- 
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beams are irradiated onto the positions on the informa- 
tion recording medium shifted from a center position of 
the guide track to obtain, even in a non-recorded area, 
clear radial contrast signals indicating the configuration 
of the information recording tracks and the guide tracks. 
This method is disclosed in Japanese Patent Applica- 
tion No. 1 1 -290225 (Laid-open under No. 2001 -1 1 0071 ) 
and Japanese Patent Application Laid-Open under No. 
2001-110071. 

[0009] In order to execute the above-described ran- 
dom access processing, it is necessary to obtain a radial 
contrast signal with high accuracy. On the other hand, 
in order to perform ordinary recording or reproduction, 
it is necessary to obtain the above-described tracking 
error signal (i.e., the differential push-pull signal) with 
high accuracy. Therefore, it is required to meet both of 
those requirements in the information recording/repro- 
ducing apparatus. 

[0010] However, as stated above, when adopting the 
method of Irradiating the sub-beams atthe position shift- 
ed from the center of the guide track, an offset or the 
like is generated correspondingly to the amount of the 
shift, with the result that the accuracy of the tracking er- 
ror signal decreases. 

[0011] In orderto obtain a highly accurate tracking er- 
ror signal by using the differential push-pull method, it 
is most appropriate that the two sub-beams have the 
phases shifted by 180 degrees from each other, i.e., 
when the main beam is located at the center of the in- 
formation recording track, the two sub-beams are locat- 
ed on the center of the guide tracks adjacent, on both 
sides, to the recording track on which the main beam is 
located. However,- if this condition is met, it is impossi- 
ble to obtain a satisfactory radial contrast signal in the 
non-recorded area as stated above. 
[0012] On the other hand, if the two sub-beams are 
irradiated in the manner being shifted from the center of 
the guide tracks as in the case of the above-mentioned 
patent applications, although a preferable radial con- 
trast signal Is obtained even in the non-recorded area 
of information, it inconveniently results that the level of 
the tracking error signal obtained by the differential 
push-pull method becomes insufficient, or the accuracy 
of the tracking error signal is lowered due to the occur- 
rence of an offset, etc. 

[0013] However, providing separate optical systems 
in order to obtain a preferable tracking error signal and 
a preferable radial contrast signal leads to the increase 
of cost, the increase in size, and the complicated struc- 
ture, of the apparatus, and hence is not practical. Ac- 
cordingly, it is preferable to satisfy the both requirements 
by making use of a single optical system and signal 
processing system in an information recording/repro- 
ducing apparatus. 

SUMMARY OF THE INVENTION 

[0014] The present Invention has been made in view 



of the above-described points in problem, and has an 
object to provide an information recording/reproducing 
apparatus that, by utilizing a common optical system 
and signal processingsystem, produces a tracking error 
s signal and position information signal to execute a track- 
ing servo control and a random access processing with 
high accuracy. 

[0015] According to one aspect of the present inven- 
tion, there is provided an information recording/repro- 

<o ducing apparatus including: an optical device which ir- 
radiates light beams, including one main beam and at 
least two sub-beams, with respect to an information re- 
cording medium on which information recording tracks 
and guide tracks are alternately formed; a photo-detec- 

'5 tor which receives return lights of the main beam and 
sub-beams from the information recording medium to 
output light detection signals; and a calculation unit 
which produces a tracking error signal indicating an ir- 
radiation position of the main beam with respect to the 

20 information recording track and a position information 
signal indicating a position of the main beam relative to 
an alignment direction of the information recording 
tracks and the guide tracks on the information recording 
medium, based on the light detection signals, wherein 

25 the optical device irradiates the at least two sub-beams 
onto positions shifted to opposite sides of a center of the 
guide track, respectively, when the main beam Is being 
irradiated onto a center of the information recording 
track. 

30 [0016] In the above information recording/reproduc- 
ing apparatus, the optical device produces one main 
beam and the at least two sub-beams, which are irradi- 
ated onto the information recording medium. The main 
beam is the one for recording Information on the infor- 
ms matlon recording track, or reproducing information from 
the information recording track. Also, the sub-beams are 
the ones that are irradiated onto the guide track and are 
used for positioning the main beam on the information 
recording track. The sub-beams are irradiated onto the 
40 positions that are shifted to opposite sides from the cent- 
er of the guide track when the main beam Is being irra- 
diated onto the center of the information recording track. 
The return lights obtained by the main beam and sub- 
beams being reflected by the information recording me- 
45 dium enterthe photo-detector, whereby the electric sig- 
nals that are proportionate to their quantities of light are 
output. By executing prescribed calculation processing 
on the detection signals corresponding to the two sub- 
beams irradiated onto the positions shifted to the oppo- 
se site sides Df the center of the guide track, it is possible 
to accurately produce the tracking error signal and the 
position information signal. It is noted that, the tracking 
error signal described herein includes a signal called 
"differential push-pull signal" while the position informa- 
ss tion signal described herein Includes a signal called "ra- 
dial contrast signal". 

[0017] The optical device may irradiate the at least 
two sub-beams onto the positions shifted to opposite 
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sides of the center position of the guide track by equal 
distances. 

[0018] According to this specific feature, by executing 
calculation such as addition, subtraction, etc. with re- 
spect to the detection signal of the sub-beams shifted, 
by equal distances, from the center position of the guide 
track, it is possible to simultaneously obtain the signal 
corresponding to the center position of the guide track 
and the signal corresponding to the positions shifted 
from the center position of the guide track. It is thereby 
possible to produce by calculation the suitable signals 
for producing the tracking error signal and the position 
information signal. 

[0019] The optical device may irradiate the at least 
two sub-beams onto one of the guide tracks adjacent to 
the information recording track on which the main beam 
is being irradiated. Also, the optical device may irradiate 
one of the at least two sub-beams onto one of the guide 
tracks adjacent to the information recording track on 
which the main beam is being irradiated, and irradiate 
the other of the at least two sub-beams onto the other 
of the guide tracks adjacent to the information recording 
track on which the main beam is being irradiated. 
[0020] The optical device may irradiate the two sub- 
beams on one of the guide tracks adjacent to the infor- 
mation recording track, on which the main beam is being 
irradiated, at the positions respectively shifted by equal 
quantities from the center of the one guide track, and 
irradiates the two sub-beams on the other of the guide 
tracks adjacent to the information recording track, on 
which the main beam is being irradiated, at the positions 
shifted from the center of the other guide track by equal 
quantities. 

[0021] According to this feature, by detecting the re- 
turn lights of the two sub-beams irradiated onto the one 
guide track and the two sub-beams irradiated onto the 
other guide track, multiple signals that have prescribed 
phase relationship with respect to the main beam are 
obtained. By performing prescribed calculations with re- 
spect to those signals, it is possible to obtain an excel- 
lent tracking errorsignal and position information signal. 
[0022] The optical device may include a grating hav- 
ing two diffraction gratings having grating directions dif- 
ferent from each other, and the optical device may irra- 
diate the two sub-beams produced by one of the diffrac- 
tion gratings onto the one and the other of the guide 
tracks and irradiates the two sub-beams produced by 
the other of the diffraction gratings onto the one and the 
other of the guide tracks. According to this feature, by 
using the grating based on the combinations of the two 
diffraction gratings, it is possible to easily obtain the de- 
sired sub-beams. 

[0023] The sub-beams may be ±1st order diffracted 
lights produced by the diffraction gratings. Also, the op- 
tical device may include a diffraction grating, and the 
sub-beams may be +1 st order diffracted lights and ±2nd 
order diffracted lights produced by the diffraction grat- 
ings. 



[0024] The photo-detector may include a first detec- 
tion element which receives the return lights of the two 
sub-beams irradiated onto the one guide track, a second 
detection element which receives the return light of the 
s main beam, and a third detection element which re- 
ceives the return lights of the two sub-beams irradiated 
onto the other guide track. According to this feature, it 
is possible to obtain the detection signals corresponding 
to the main beam and sub-beams through the use of the 
multiple detection elements. 

[0025] The calculation unit may perform prescribed 
calculations by using a first and a second push-pull sig- 
nals respectively corresponding to the two sub-beams 
irradiated onto the one guide track, a third push-pull sig- 

'5 nal corresponding to the main beam, and a fourth and 
a fifth push-pull signals respectively corresponding to 
the two sub-beams irradiated onto the other guide track, 
so as to produce the tracking error signal and the posi- 
tion information signal. 

20 [0026] According to this feature, by performing the 
calculations with respect to the detection signals ob- 
tained from the main beam and sub-beams, it is possible 
to obtain an accurate tracking error signal and position 
information signal without making the configuration of 

25 the optical device complicated. 

[0027] In a preferred embodiment, the calculation de- 
vice may include: a unit which subtracts, from the third 
push-pull signal , a signal produced by multiplying a sum 
signal of the first push-pull signal, the second push-pull 

30 signal, the fourth push-pull signal and the fifth push-pull 
signal by a prescribed value of coefficient, to produce 
the tracking error signal; and a unit which calculates a 
difference signal between the difference signal of the 
first push-puil signal and the second push-pull signal 

35 and the difference signal of the fourth push-pull signal 
and the fifth push-pull signal, to produce the position in- 
formation signal. 

[0028] According to this feature, by performing simple 
addition, subtraction, and multiplication with respect to 

40 the detection signals obtained from the main beam and 
sub-beams, It is possible to easily obtain an excellent 
tracking errorsignal and position information signal. 
[0029] According to another aspect of the present in- 
vention, there is provided an information recording/re- 

4s producing apparatus including: an optical device which 
irradiates light beams including one main beam on an 
information recording medium on which information re- 
cording tracks and guide tracks are alternately formed; 
a photo-detector which receives return lights corre- 

so sponding to the light spots from the information record- 
ing medium to output light detection signals; and a cal- 
culation unit which produces a tracking error signal in- 
dicating an irradiation position of the main beam with 
respect to the information recording track and a position 

ss information signal indicating a position of the main beam 
relative to an alignment direction of the information re- 
cording tracks and the guide tracks on the information 
recording medium, based on the light detection signals, 
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wherein the optical device includes a grating including 
two diffraction gratings having grating directions differ- 
ent from each other, and wherein the optical device ir- 
radiates, onto the guide tracks, the first and the second 
sub-beams produced by one of the diffraction gratings 
and the third and the fourth sub-beams produced by the 
other of the diffraction gratings. 
[0030] In accordance with the above information re- 
cording/reproducing apparatus, the optical device pro- 
duces one main beam and four sub-beams, which are 
irradiated with respect to the information recording me- 
dium. The optical device Includes a grating having two 
diffraction gratings having grating directions different 
from each other, whereby the first and second sub- 
beams are produced by one of the diffraction gratings 
and the third and fourth sub-beams are produced by the 
other of the diffraction gratings, and these beams are 
irradiated onto the guide tracks. The return lights ob- 
tained by the main beam and sub-beams being reflected 
by the information recording medium enter the photo- 
detector device and the electric signals that are propor- 
tionate to their quantities of light are output therefrom. 
By performing prescribed calculations with respect to 
the detection signals corresponding to the main beam 
and four sub-beams, the tracking error signal and posi- 
tion information signal can be accurately produced. 
[0031] One diffraction grating may diffract a half por- 
tion of the light beam from a light source to produce the 
first and the secondsub-beams, and the other diffraction 
grating may diffractthe remaining half portion of the light 
beam from the light source to produce the third and the 
fourth sub-beams. 

[0032] According to this feature, the return lights of 
the first and second sub-beams can be led to the differ- 
ent positions on the detector device and it does not hap- 
pen that the return lights overlap with each other on the 
detector. Similarly, the return lights of the third and fourth 
sub-beams do not overlap with each other on the detec- 
tor. Accordingly, it is possible to accurately obtain the 
detection signals of the first and fourth sub-beams, 
whereby it is possible to produce an accurate tracking 
error signal and position information signal. 
[0033] The first and the second sub-beams, and the 
third and the fourth sub-beams, may be irradiated onto 
positions symmetrical with respect to the center of the 
guide track. 

[0034] As a result of this, by determining the appro- 
priate calculation method according to the phase rela- 
tionship between the positions of the respective sub- 
beams and performing that calculation processing, it is 
possible to obtain the tracking error signal and position 
information signal. 

[0035] The photo-detector may include a first to a 
fourth 2-divided light detection elements which receive 
the first to the fourth sub-beams, respectively. By this, it 
is possible to receive the return lights of the respective 
sub-beams independently, and to obtain accurate de- 
tection signals. 



[0036] According to still another aspect of the present 
invention, there is provided an information recording/re- 
producing apparatus including: an optical device which 
irradiates a main beam on an information recording 

s track of an information recording medium on which in- 
formation recording tracks and guide tracks are alterna- 
tively formed and irradiates foursub-beams on the guide 
tracks so as to form corresponding light spots; a photo- 
detector which receives return lights corresponding to 

to the light spots from the information recording medium 
to output light detection signals; and a calculation unit 
which produces a tracking error signal indicating a radi- 
ation position of the main beam with respect to the in- 
formation recording track and a position information sig- 

'5 nal indicating a position of the main beam with respect 
to an alignment direction of the information recording 
track and the guide track on the information recording 
medium, based on the light detection signals. 
[0037] In accordance with the above information re- 

20 cording/reproducing apparatus, the optical device pro- 
duces one main beam and four sub-beams, which are 
irradiated onto the information recording medium. The 
return lights obtained by the main beam and sub-beams 
being reflected by the information recording medium en- 

25 ter the photo-detector device, and electric signals pro- 
portionate to their quantities of light are output there- 
from. By performing prescribed calculations with re- 
spect to the detection signals corresponding to the main 
beam and four sub-beams, the tracking error signal and 

30 position information signal can be accurately produced 
through the execution of simple calculation processing. 
[0038] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 
ing detailed description with respect to preferred em- 

35 bodiment of the invention when read in conjunction with 
the accompanying drawings briefly described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0039] 

Fig. 1 is a block diagram illustrating the entire con- 
figuration of an Information recording/reproducing 
apparatus according to an embodiment of the 

45 present invention: 

Fig. 2 is a diagram schematically illustrating a con- 
figuration of the optical pickup illustrated in Fig. 1 ; 
Fig. 3 is a view illustrating the function of a grating 
provided within the pickup according to the present 

so invention; 

Fig. 4A is a plan view of the grating provided within 
the pickup according to the present invention; 
Fig. 4B is a view illustrating the function of the ob- 
jective lens; 

ss Figs. 5A and 5B are views illustrating the states on 
the optical disc, and on the photo-detector, of the 
light spots according to the present invention; 
Fig. 6 is a view illustrating an example of a control 
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signal processing circuit illustrated in Fig. 1; 
Fig. 7 shows waveforms of the control signal of re- 
spective parts in the processing circuit illustrated in 
Fig. 6; and 

Figs. 8A and 8B are views illustrating a modified ex- 
ample of the present invention, Fig. 8A being a view 
illustrating a formed state of light spots on the opti- 
cal disc. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] Hereinafter, a preferred embodiment of the 
present invention will be explained with reference to the 
accompanying drawings. 

[0041] Fig. 1 illustrates a schematic configuration of 
an information recording/reproducing apparatus ac- 
cording to an embodiment of the present invention. The 
information recording/reproducing apparatus 100 of the 
present invention records information on a disc 1 serv- 
ing as an information recording medium and reproduces 
information from the disc 1 . A representative example 
of the disc 1 is an optical disc such as a CD-R, a DVD-R, 
or a DVD-RW, on which information is additionally writ- 
ten or rewritten. However, the application of the present 
Invention is not limited to these discs. 
[0042] As illustrated in Fig. 1 , the information record- 
ing/reproducing apparatus 100, when roughly classi- 
fied, includes a spindle motor 2, an optical pickup 1 0, a 
photo-detector 20, a recording/reproducing signal 
processing circuit 25, a control signal processing circuit 
30, a servo control circuit 60, and a control circuit 70. 
[0043] First, the respective elements are briefly ex- 
plained. The spindle motor 2 rotates the disc 1 with a 
prescribed linear velocity. The optical pickup 10 irradi- 
ates a light beam, functioning as a recording beam or a 
reproducing beam, onto an information recording sur- 
face of the disc 1 , and guides return lights from the in- 
formation recording surface to the photo-detector 20. 
The photo-detector 20 converts the return lights from the 
optical pickup 10 into detection signals that are electric 
signal corresponding to the quantity of the received light 
and supplies the electric signals to the recording/repro- 
ducing signal processing circuit 25 and the control signal 
processing circuit 30. It is noted that the photo-detector 
20 may be incorporated within the optical pickup 10. 
[0044] When recording information with respect to the 
disc 1 , the recording/reproducing signal processing cir- 
cuit 25 receives a recording signal and performs neces- 
sary coding processing, modulation processing and the 
like, and outputs the resulting signal to the optical pickup 
10. When performing reproduction of information from 
the disc 1 , the recording/reproducing signal processing 
circuit 25 performs necessary decoding processing, D/ 
A conversion processing and the like for the detection 
signal supplied from the photo-detector 20, and outputs 
the resulting signal to a video output part or audio output 
part (not illustrated), as a reproduction signal. 



[0045] The control signal processing circuit 30 re- 
ceives detection signals from the photo-detector 20 and 
produces control signals (i.e., errorsignals) fortracking 
servo control, focus servo control, etc., and outputs the 
s control -signals to the servo control circuit 60 and to the 
control circuit 70. The servo control circuit 60 receives 
the error signals, such as a tracking error signal, focus 
error signal, etc., from the control signal processing cir- 
cuit 30, and, according to the error signals, produces 
Jo drive control signals for driving the spindle motor 2 and 
the optical pickup 10, and outputs them to the spindle 
motor 2 and to the pickup 1 0, respectively. 
[0046] The control circuit 70 may include, for exam- 
ple, a CPU (Central Processing Unit) and an MPU (Mi- 
's cro Processing Unit) and, according to the program that 
has been prepared beforehand, performs a general and 
over-all control of the respective constituent elements 
within the information recording/reproducing apparatus 
100. 

20 [0047] Next, an explanation will be given, in detail, of 
the configurations and operations of the respective ele- 
ments. Fig. 2 illustrates a configuration of the optical 
pickup 10. The optical pickup 1 0 includes a laser diode 
11 , a collimator lens 1 2, a grating 1 3, a beam splitter 1 4, 

25 an objective lens 15, a collimator lens 16, and a cylin- 
drical lens 1 7. 

[0048] The laser diode 11 is a light source of the re- 
cording and reproducing light beams, and emits a light 
beam. The collimator lens 1 2 makes the light beam emlt- 
30 ted from the laser diode 11 a parallel light beam, and 
transmits it to the grating 13. 

[0049] An example of the grating 13 is illustrated in 
Fig. 4A. The grating 13 has a structure wherein two dif- 
fraction grating parts 13a and 13b are combined with 

35 each other. The grating parts 13a and 13b each have 
slit-like grating elements formed thereon, the directions 
of which have different angles with respect to the light 
beam when viewed in the vertical direction in Fig. 4A. 
Therefore, the light beam that has entered the grating 

40 1 3 is divided into five light beams. 

[0050] These five light beams pass through the beam 
splitter 1 4 and go straightforward and are condensed by 
the objective lens 15 to be Irradiated on the Information 
recording surface (the lower surface in Fig. 2) of the disc 

4s 1. At this time, as illustrated in Fig. 4B, the five light 
beams produced by the grating 13 are irradiated onto 
the information recording surface of the disc 1, and 
thereby the five light spots are formed on the information 
recording surface. 

so [0051] The light beams reflected by the disc 1 (here- 
inafter also called "return light") again pass through the 
objective lens 15 to enter the beam splitter 14, and are 
reflected by a half mirror 1 4a of the beam splitter 14 and 
are guided to the collimator lens 1 6. The collimator lens 

55 16 and the cylindrical lens 17 introduce astigmatism 
necessary for the focus control based on the astigma- 
tism method to the return lights from the beam splitter 
1 4, and guide the return lights to a light receiving surface 
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of the photo-detector 20. 

[0052] In this way, when recording information, the 
light beam that has been modulated to the intensity cor- 
responding to the information to be recorded is irradiat- 
ed onto the disc 1 , thereby the information is recorded 
onto the information recording track on the information 
recording surface of the disc 1 . Also, when reproducing 
information, the information that is recorded on the in- 
formation recording track on the disc 1 Is read out by the 
return light, andthat information is converted by the pho- 
to-detector 20 into electric signals. 
[0053] Fig. 3 schematically illustrates the manner of 
the light beam being divided by the grating 13. The in- 
cident light L that enters the grating 13 is divided into 
five light beams by the grating 13. Specifically, the grat- 
ing 13 causes the emission of five, in total, light beams, 
including the 0th order diffracted light, the ±1 st order dif- 
fracted lights produced by the grating part 13a, and the 
+1st order diffracted light produced by the grating part 
13b. While the objective lens 15 condenses these five 
light beams, since they enter the objective lens 15 at 
different angles, the five different light spots are formed 
on the information recording surface of the disc 1. 
[0054] Fig. 5A illustrates the relative positional rela- 
tionship among the five light spots formed on the infor- 
mation recording surface of the disc 1 according to this 
embodiment. As Illustrated in Fig. 5A, the Oth order dif- 
fracted light of the grating 13 is condensed by the ob- 
jective lens 15 to form a light spot M; the ±1st order dif- 
fracted lights by the grating part 13a are condensed by 
the objective lens 15 to form the light spots Fa and Ea; 
and the ±1st diffracted lights by the grating part 13b is 
condensed by the objective lens 15 to form the light 
spots Fb and Eb. The light spot M is used as a main 
beam and the other four light spots Fa, Fb, Ea, and Eb 
are used as sub-beams (also called "the guide beams"). 
By adjusting the positional relationship of the grating 1 3 
with respect to the laser diode 11 that is a light source 
(i.e., the angle of each of the grating parts 13a and 13b 
of the grating 13), it is possible to adjust the relative po- 
sitional relationship among the five light spots formed 
on the information recording surface of the disc 1 . 
[0055] In this embodiment, as Illustrated In Fig. 5A, 
when the light spot M of the main beam is located on 
the information recording track Tl, the remaining four 
light spots Fa, Fb, Ea, andEb are formed at the positions 
that are respectively shifted by prescribed amounts from 
the center of the neighboring guide tracks TG. 
[0056] In the example of Fig. 5A, the light spots Fa 
and Ea of the ±1st order diffracted lights by the grating 
part 1 3a of the grating 1 3 are each shifted outward from 
the center lines of the guide tracks TG on both sides of 
the information recording track Tl where the light spot 
M of the main beam is located. Also, the light spots Fb 
and Eb of the ±1 st order diffracted lights by the grating 
part 13b of the grating 13 are each shifted outward from 
the center lines of the guide tracks TG on both sides of 
the information recording track Tl where the light spot 
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M of the main beam is located. Further, the light spots 
Fa and Fb are shifted to respectively opposite sides from 
the center line of the same guide track TG by equal dis- 
tances, with that center line of the guide track TG being 

s regarded as the axis of symmetry. Also, the light spots 
Ea and Eb are shifted to respectively opposite sides 
from the center line of the same guide trackTG by equal 
distances, with that center line of the guide track TG be- 
ing regarded as the axis of symmetry. 

10 [0057J The return lights from the light spots M, Fa, Fb, 
Ea, and Eb formed on the information recording surface 
of the disc 1 enter the photo-detector 20 by passing 
through the objective lens 15, beam splitter 14. collima- 
tor lens 1 6 and cylindrical lens 1 7 as illustrated in Fig. 2. 

15 [0058] Fig. 5B illustrates respective configurations of 
the light receiving elements of the photo-detector 20. 
The photo-detector 20 has three light receiving ele- 
ments 21 , 22 and 23. The light receiving element 21 re- 
ceives the return lights from the light spots Fa and Fb of 

20 the sub-beams; the light receiving element 22 receives 
the return light from the light spot M of the main beam; 
and the light receiving element 23 receives the return 
lights from the light spots Ea and Eb of the sub-beams. 
In the optical pickup 10 of this embodiment, since astig- 

25 matism is introduced to the return lights for performing 
the focus control, the return lights are guided to the light 
receiving elements 21 to 23 with its direction being ro- 
tated by 90 degrees. Each of the light receiving ele- 
ments 21 to 23 has four-divided detection surfaces. 

30 [0059] The light receiving surfaces 21 a and 21b of the 
light receiving element 21 receive the return light of the 
light spot Fa, and the light receiving surfaces 21c and 
21 d of the light receiving element 21 receive the return 
light of the light spot Fb. The light receiving surfaces 22a 

35 to 22d of the light receiving element 22 receive the return 
light of the light spot M. Incidentally, the reason why the 
light receiving element 22 for receiving the return light 
of the main beam is divided into four parts is that, by 
utilizing the light receiving element 22, a focus error sig- 

40 nal needs to be produced from the return light of the light 
spot M of the main beam by the astigmatism method. 
Also, the light receiving surfaces 23a and 23b of the light 
receiving element 23 receive the return light of the light 
spot Ea, and the light receiving surfaces 23c and 23d of 

45 the light receiving element 23 receive the return light of 
the light spot Eb. And, each of the respective light re- 
ceiving surfaces 21 a to 21 d, 22a to 22d, and 23a to 23d 
outputs an electric signal corresponding to the quantity 
of the received light. 

so [0060] Fig. 6 illustrates the configurations of the pho- 
to-detector 20 and the control signal processing circuit 
30. It is to be noted that, while the control signal process- 
ing circuit 30 produces various kinds of control signals 
such as a focus error signal , a tracking error signal , etc. , 

55 Rg. 6 illustrates only the parts for producing a differential 
push-pull signal (tracking error signal) and a radial con- 
trast signal as the parts having particular relevance to 
the present invention. Other control signals such as a 
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focus error signal can be produced using a known meth- 
od. Fig. 7 illustrates the signal waveforms at the respec- 
tive points in Fig. 6. 

[0061] As shown in Fig. 6, the control signal process- 
ing circuit 30 includes a plurality of adders and a plurality 
of amplifiers. Regarding the light receiving element 21 
of the photo-detector 20 for processing the light spots 
Fa and Fb of the sub-beams, the output signal F2 of the 
light receiving surface 21 b is subtracted by an adder 31 
from the output signal F1 of the light receiving surface 
21a, and the amplifier 33 amplifies the resulting signal 
with an amplification factor K, thereby to produce a 
push-pull signal FaPP corresponding to the light spot 
Fa. Similarly, the output signal F3 of the light receiving 
surface 21 c is subtracted by an adder 32 from the output 
signal F4 of the light receiving surface 21 d, and the am- 
plifier 34 amplifies the resulting signal with an amplifica- 
tion degree K thereby to produce a push-pull signal Fb- 
PP corresponding to the light spot Fb. An adder 35 adds 
up the push-pull signal FaPP and the push-pull FbPP 
thereby to produce a push-pull signal FPP. An adder 36 
subtracts the push-pull signal FbPP from the push-pull 
signal FaPP thereby to produce a first radial contrast 
signal FRC. 

[0062] Regarding the light receiving element 23 of the 
photo-detector 20 for processing the light spots Ea and 
Eb of the sub-beams, the same calculation processing 
is performed. Namely, the output signal E2 of the light 
receiving surface 23b is subtracted by an adder 40 from 
the output signal E1 of the light receiving surface 23a, 
and the amplifier 42 amplifies the resulting signal with 
an amplification degree K thereby to produce a push- 
pull signal EaPP corresponding to the light spot Ea. Sim- 
ilarly, the output signal E3 of the light receiving surface 
23c is subtracted by an adder 41 from the output signal 
E4 of the light receiving surface 23d, and the amplifier 
43 amplifies the resulting signal with an amplification de- 
gree K thereby to produce a push-pull signal EbPP cor- 
responding to the light spot Eb. An adder 44 adds up 
the push-pull signal EaPP and the push-pull EbPP 
thereby to produce a push-pull signal EPP. An adder 45 
subtracts the push-pull signal EbPP from the push-pull 
signal EaPP thereby to produce a second radial contrast 
signal ERC. 

[0063] On the other hand, regarding the light receiving 
element 22 of the photo-detector 20 for processing the 
light spot M of the main beam, an adder 37 adds up the 
output signal M1 of the light receiving surface 22a and 
the output signal M4 of the light receiving surface 22d 
and supplies the resulting signal to an adder 39. Also, 
an adder 38 adds up the output signal M2 of the light 
receiving surface 22b and the output signal M3 of the 
light receiving surface 22c and supplies the resulting 
signal to the adder 39. The adder 39 subtracts the output 
signal of the adder 38 from the output signal of the adder 
37 thereby to produce a push-pull signal MPP. 
[0064] Next, from the push-pull signal FPP, the push- 
pull signal EPP, the first radial contrast signal FRC, the 



second radial contrast signal E RC and the push-pull sig- 
nal MPP, the tracking error signal (differential push-pull 
signal) DPP and the radial contrast RC are produced in 
the following manner. Namely, an adder 46 adds up the 

s push-pull signal FPP and the push-pull signal EPP, and 
the resulting signal Is multiplied by 1/2 by an amplifier 
47. The resulting signal output from the amplifier 47 is 
subtracted by an adder 48 from the push-pull signal 
MPP to produce the differential push-pull signal DPP. 

w [0065] Also, an adder 49 subtracts the first radial con- 
trast signal FRC from the second radial contrast signal 
ERC to produce the radial contrast signal RC. It is noted 
that the radial contrast signal RC may be produced by 
subtracting the second radial contrast signal ERC from 

« the first radial contrast signal FRC, because its polarity 
may be arbitrarily set to be either positive or negative 
according to its circuit design. 
[0066] As illustrated in Fig. 7, according to this em- 
bodiment, each of the differential push-pull signal and 

20 the radial contrast signal thus produced have clear am- 
plitude. With the conventional method already men- 
tioned, it was difficult to excellently produce both of the 
differential push-pull signal and the radial contrast sig- 
nal. Namely, in order to obtain an excellent differential 

25 push-pull signal, it is preferableto locate the sub-beams 
on the center lines of the guide tracks (namely, to make 
the main beam and sub-beam have a phase difference 
of 180 degrees) . However, if that is so done, the accu- 
racy of the radial contrast is likely to decrease in the n o n- 

30 recorded area of the disc. On the other hand, in order 
to obtain an excellent radial contrast signal, it is prefer- 
able to locate the sub-beams at positions deviated from 
the center lines of the guide tracks (for example, as in 
the case of the above-described Japanese Patent Ap- 

35 plication Laid-Open No. 2001-110071). However, if that 
is so done, it becomes difficult to obtain an excellent dif- 
ferential push-pull signal. 

[0067] For that reason, according to one technical 
idea of the present invention, it has been determined to 

40 use two sub-beams instead of the conventional one sub- 
beam. Namely, in Fig. 5A, the novel Idea of the present 
invention is that, the light spots Fa and Fb are used in 
stead of the conventional one sub-beam, and the light 
spots Ea and Eb are used in stead of another one sub- 

*5 beam. On the information recording surface of the disc 
1 , these four sub-beams are irradiated so that the pair 
of the light spots Faand Fb and the pair of the light spots 
Ea and Eb are formed at the positions equi-distantly 
shifted to mutually opposite sides, with the center lines 

so of the guide tracks being set as the axes of symmetry. 
It is noted that, in terms of phase, this is equivalent to 
shifting the phases of the light spots Fa and Fb in oppo- 
site directions by the same phase-shift amount. 
[0068] It is one of the characterizing features of the 

55 present invention to obtain an excellent differential 
push-pull signal and an excellent radial contrast signal 
by executing the calculation processing explained 
above in connection with Figs. 6 and 7 with respect to 
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the detection signal of the return light from the four light 
spots formed on the disc in the above-described way. 
As a result of this, it becomes possible to excellently pro- 
duce both the differential push-pull signal and the radial 
contrast signal by utilizing a single optical system and a 
single signal processing system. 
[0069] Next, studies will be made of the grating used 
in the present invention. In the above-described embod- 
iment, by utilizing the grating having the different grating 
parts 13a and 13b such as those illustrated in Fig. 4A, 
one set of sub-beams is formed by each of the grating 
part 13a and the grating part 13b. As Illustrated in Fig. 
3, the grating 1 3 is configured such that the semi-circular 
portion of the incident light L is diffracted by the grating 
part 13a and the remaining semi-circular portion is dif- 
fracted by the grating part 13b, respectively, to produce 
the ±1st order diffracted lights. As a result of this, as 
illustrated in Fig. 5A, the light spots Fa and Fb are 
formed closely to each other and the light spots Ea and 
Eb are formed closely to each other, on the information 
recording surface of the optical disc. Accordingly, be- 
tween the light spots Fa and Fb and between the light 
spots Ea and Eb, the phase relationship therebetween 
is stable, and it is unlikely to be affected by the above- 
described effect of the eccentricity or else of the disc. 
[0070] Also, the use of the grating 1 3 illustrated in Fig. 
4A provides such an advantage that the return lights 
from the light spots Fa and Fb basically do not overlap 
with each other on the detection surface of the photo- 
detector. Similarly, the return lights from the light spots 
Ea and Eb do not overlap with each other on the detect- 
ing surface of the photo-detector. Accordingly, the de- 
tection accuracy of the return lights is improved. The 
reason forthis is as follows. Namely, as illustrated in Fig. 
3, two light spots Fa and Fb or two light spots Ea and 
Eb are respectively formed from the semi-circular por- 
tions of the incident light L. On the information recording 
surface of the optical disc, the mated light spots overlap 
each other as illustrated in Fig. 5A. However, in a state 
where the respective return lights reach the photo-de- 
tector as illustrated in Fig. 5B, those light spots again 
posses the original relationship between the mated 
semi-circular light portions and enter the separate de- 
tection elements, respectively. Namely, the return light 
of the spot Fa enters the detection surfaces 21 a and 21 b 
while the return light of the spot Fb enters the detection 
surfaces 21c and 21d, and hence they do not overlap 
with each other. Like this, by using the grating having 
two different grating directions such as that illustrated in 
Fig. 4A, the effect of the eccentricity or the like of the 
disc is eliminated, and, in addition, it becomes unnec- 
essary to separate the return light on the photo-detector. 
This brings about the advantage that necessary signals 
can be obtained with excellent accuracy. 
[0071] It is to be noted that, in actuality, when the 
astigmatism method is used for the focus control as in 
the case of this embodiment, since the beam of the re- 
turn light entering the photo-detector rotates, there is, 



6 343A2 16 

strictly, a case where a very small degree of overlapping 
occurs between the return lights. However, that is prac- 
tically an almost Ignorable extent. Further, when utilizing 
a method otherthan the astigmatism method forthe pur- 

s pose of focus control, no overlapping occurs. 

[0072] Next, a modification of the above-described 
embodiment will be explained. In the above-described 
embodiment, five light spots are formed on the disc. 
However, according to the present invention, it is possi- 

10 ble to produce the differential push-pull signal and the 
radial contrast signal if three beams, i.e., the main beam 
and one set of (two) sub-beams, are produced by one 
of the grating parts 13a and 1 3b of the grating 1 3. Name- 
ly, if there are the return lights of the three spots: the 

is combination of the light spots M , Fa and Fb or the com- 
bination of the light spots M, Ea and Eb, it is possible to 
obtain the differential push-pull signal and radial con- 
trast signal. 

[0073] For example, when using the three spots, i.e., 
20 the light spots M, Fa and Fb, the signals E1 to E4 be- 
come zero in the respective equations In Fig. 7, with the 
result that the differential push-pull signal DPP = 
MPP-FPP. Thus, the differential push-pull signal having 
correct waveform is obtained. Also, regarding the radial 

25 contrast signal as well, it results that RC = - FRC, and 
therefore it is possible to obtain the radial contrast signal 
of correct waveform. The same applies to the case of 
using the three spots, I.e., the light spots M, Ea and Eb. 
[0074] Similarly, as another combination of the sub- 
so beams, it is also possible to utilize the combination of 
three beams, i.e., the combination of the light spots M, 
Fa and Eb, or the combination of the light spots M, Ea 
and Fb. In terms of phase, although the light spots Fa 
and Eb are remote from each other on the information 

as recording surface, their phases are shifted by the same 
shift amount, in opposite directions, from the phase cor- 
responding to the center line of the guide track. The re- 
lationship between the phases of those light spots Fa 
and Eb therefore is the same as that between the phas- 

40 es of the light spots Fa and Fb. That relationship also 
applies to that between the light spots Ea and Fb as well. 
[0075] However, the combination of the light spots M, 
Fa and Eb, or the combination of the light spots M, Ea 
and Fb are more likely to be affected by the eccentricity 

45 of the disc. 

[0076] Using the combination of, for example, the light 
spots Fa and Eb, or the light spots Ea and Fb, i.e. the 
combination of the light spots distant from each other, 
the phase relationship between those distant light spots 

so inconveniently becomes unstable due to the effect of the 
eccentricity or the like of the disc. Resultantly, there is 
the possibility that the desired signals is not obtained. 
Forthis reason, it is preferable to use the light spots po- 
sitioned closely to each other, namely the light spots Fa 

55 and Fb or the light spots Ea and Eb. However, if the ef- 
fect of the eccentricity or else of the disc can be sup- 
pressed within a permissible range, it is also possible to 
use the combination of the light spots M, Fa and Eb, or 
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the combination of the light spots M, Ea and Fb, 
[0077] Also, if the effect of the eccentricity or else of 
the disc can be suppressed to be within a permissible 
range, it Is also possible to use five light spots that are 
arranged on a straight line, for example, as illustrated in s 
Fig. 8A. When using these light spots, the 0th order dif- 
fracted light, ±1st order diffracted lights and ± 2nd dif- 
fracted lights may be produced by using a general type 
diffraction grating (see Fig. 8B) that has a single grating 
direction, and the diffracted lights thus produced are ir- to 
radiated onto the information recording surface of the 
optical disc. Also in that case, by performing the calcu- 
lations utilizing the light spots M, Fa', Fb 1 , Ea' and Eb' 
previously explained referring to Figs. 6 and 7, it is pos- 
sible to obtain the differential push-pull signal and radial 15 
contrast signal. 

[0078] As described above, according to the present 
invention, by irradiating two sub-beams in such a way 
that their light spots are displaced from the center posi- 
tion of the same guide track and by calculating each of 20 
those return light beams, it is possible to obtain a differ- 
ential push-pull signal and a radial contrast signal with 
high accuracy. 

[0079] In addition, by using the grating having two dif- 
ferent grating directions, it is possible to eliminate the 25 
effect of the eccentricity or else of the disc and thereby 
to obtain the differential push-pull signal and the radial 
contrast signal with high accuracy. 
[0080] The invention may be embodied on other spe- 
cific forms without departing from the spirit or essential 30 
characteristics thereof. The present embodiments 
therefore to be considered In all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims ratherthan by the fore- 
going description and all changes which come within the 35 
meaning an range of equivalency of the claims are 
therefore intended to embraced therein. 
[0081] The entire disclosure of Japanese Patent Ap- 
plications No. 2001-232820 filed on July 31, 2001 in- 
cluding the specification, claims, drawings and summa- 40 
ry is Incorporated herein by reference in its entirety. 



An information recording/reproducing apparatus 
(100) comprising: 

an optical device (2) which irradiates light 
beams (L), including one main beam and at 
least two sub-beams, with respect to an infor- 
mation recording medium (1 ) on which informa- 
tion recording tracks (Tl) and guide tracks (TG) 
are alternately formed; 

a photo-detector (20) which receives return 
lights of the main beam and sub-beams from 
the information recording medium to output 
light detection signals; and 



a calculation unit (30) which produces a track- 
ing error signal (DPP) indicating an irradiation 
position of the main beam with respect to the 
information recordingtrack andaposition infor- 
mation signal (RC) indicating a position of the 
main beam relative to an alignment direction of 
the information recording tracks and the guide 
tracks on the information recording medium, 
based on the light detection signals, 

wherein the optical device irradiates the at 
least two sub-beams (F, E) onto positions shifted to 
opposite sides of a center of the guide track, respec- 
tively, when the main beam (M) is being irradiated 
onto a center of the information recording track. 

An information recording/reproducing apparatus 
according to claim 1 , wherein the optical device ir- 
radiates the at least two sub-beams onto the posi- 
tions shifted to opposite sides of the center position 
of the guide track by equal distances. 

An information recording/reproducing apparatus 
according to claim 1 or 2, wherein the optical device 
irradiates the at least two sub-beams onto one of 
the guide tracks adjacent to the information record- 
ing track on which the main beam Is being irradiat- 
ed. 

An information recording/reproducing apparatus 
according to claim 1 or 2, wherein the optical device 
irradiates one of the at least two sub-beams onto 
one of the guide tracks adjacent to the information 
recording track on which the main beam is being 
irradiated, and irradiates the other of the at least two 
sub-beams onto the other of the guide tracks adja- 
cent to the information recordingtrack on which the 
main beam is being irradiated. 



An information recording/reproducing e 
according to claim 1 , wherein the optical device ir- 
radiates the two sub-beams on one of the guide 
tracks adjacent to the information recording track, 
on which the main beam is being irradiated, at the 
positions respectively shifted by equal quantities 
from the center of the one guide track, and Irradiates 
the two sub-beams on the other of the guide tracks 
adjacent to the information recording track, on 
which the main beam is being irradiated, at the po- 
sitions shifted from the center of the other guide 
track by equal quantities. 

An information recording/reproducing apparatus 
according to claim 5, wherein the optical device in- 
cludes a grating (13) having two diffraction gratings 
(13a, 13b) having grating directions different from 
each other, and wherein the optical device irradi- 
ates the two sub-beams produced by one of the dif- 
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20 



fraction gratings onto the one and the other of the 
guide tracks and irradiates the two sub-beams pro- 
duced by the other of the diffraction gratings onto 
the one and the other of the guide tracks. 

7. An information recording/reproducing apparatus 
according to claim 6, wherein the sub-beams are 
±1st order diffracted lights produced by the diffrac- 
tion gratings. 

10 

8. An information recording/reproducing apparatus 
according to claim 6, wherein the optical device 
comprises a diffraction grating (13), and wherein the 
sub-beams are ±1 st order diffracted lights and +2nd 
order diffracted lights produced by the diffraction '5 
gratings. 

9. An information recording/reproducing apparatus 
according to any one of claims 5 to 8, wherein the 
photo-detector includes a first detection element zo 
(21 ) which receives the return lights of the two sub- 
beams irradiated onto the one guide track, a second 
detection element (22) which receives the return 
light of the main beam, and a third detection ele- 
ment (23) which receives the return lights of the two 25 
sub-beams irradiated onto the other guide track. 

10. An information recording/reproducing apparatus 
according any one of claims 5 to 9, wherein the cal- 
culation unit performs prescribed calculations by 30 
using a first and a second push-pull signals (FaPP, 
FbPP) respectively corresponding to the two sub- 
beams irradiated onto the one guide track, a third 
push-pull signal (MPP) corresponding to the main 
beam, and a fourth and a fifth push-pull signals 35 
(EaPP.EbPP) respectively corresponding to the two 
sub-beams irradiated onto the other guide track, so 

as to produce the tracking error signal and the po- 
sition information signal. 

40 

11. An information recording/reproducing apparatus 
according to claim 10, wherein the calculation de- 
vice comprises: 

a unit (48) which subtracts, from the third push- *s 
pull signal (MPP), a signal produced by multi- 
plying a sum signal of the first push-pull signal 
(FaPP), the second push-pull signal (FbPP), 
the fourth push-pull signal (EaPP) and the fifth 
push-pull signal (EbPP) by a prescribed value so 
of coefficient, to produce the tracking error sig- 
nal (DPP); and 

a unit (49) which calculates a difference signal 
between the difference signal (FRC) of the first 
push-pull signal (FaPP) and the second push- ss 
pull signal (FbPP) and the difference signal 
(ERC) of the fourth push-pull signal (EaPP) and 
the fifth push-pull signal (EbPP), to produce the 



position information signal. 

12. An information recording/reproducing apparatus 
(100) comprising: 

an optical device (2) which irradiates light 
beams (L) including one main beam on an in- 
formation recording medium (1) on which infor- 
mation recording tracks (Tl) and guide tracks 
(TG) are alternately formed; 
a photo-detector (20) which receives return 
lights corresponding to the light spots from the 
information recording medium to output light 
detection signals; and 

a calculation unit (30) which produces a track- 
ing error signal (DPP) indicating an irradiation 
position of the main beam with respect to the 
information recording track and aposition infor- 
mation signal (RC) indicating a position of the 
main beam relative to an alignment direction of 
the information recording tracks and the guide 
tracks on the information recording medium, 
based on the light detection signals, 

wherein the optical device comprises a grat- 
ing (13) comprising two diffraction gratings (13a, 
1 3b) having grating directions different from each 
other, and 

wherein the optical device irradiates, onto the 
guide tracks, the first and the second sub-beams 
produced by one of the diffraction gratings and the 
third and the fourth sub-beams produced by the oth- 
er of the diffraction gratings. 

13. An information recording/reproducing apparatus 
according to claim 12, wherein the one diffraction 
grating diffracts a half portion of the light beam from 
a light source to produce the first and the second 
sub-beams, and the other diffraction grating dif- 
fracts the remaining half portion of the light beam 
from the light source to produce the third and the 
fourth sub-beams. 

14. An information recording/reproducing apparatus 
according to claim 1 3, wherein the first and the sec- 
ond sub-beams, and the third and the fourth sub- 
beams, are irradiated onto positions symmetrical 
with respect to the center of the guide track. 

15. An information recording/reproducing apparatus 
according to claim 13 or 14, wherein the photo-de- 
tector comprises afirstto afourth 2-divided light de- 
tection elements which receive the first to the fourth 
sub-beams, respectively. 

16. An information recording/reproducing apparatus 
(100) comprising: 
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an optical device (2) which irradiates a main 
beam on an information recording track of an 
information recording medium on which infor- 
mation recording tracks (Tl) and guide tracks 
(TG) are alternatively formed and irradiates s 
four sub-beams on the guide tracks (TG) so as 
to form corresponding light spots (F, E, M); 
a photo-detector (20) which receives return 
lights corresponding to the light spots from the 
information recording medium to output light 
detection signals; and 

a calculation unit (30) which produces a track- 
ing error signal (DPP) indicating a radiation po- 
sition of the main beam with respect to the in- 
formation recording track and a position infor- « 
mation signal (RC) indicating a position of the 
main beam with respect to an alignment direc- 
tion of the information recording track and the 
guide track on the information recording medi- 
um, based on the light detection signals. 20 
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Fig. 3 
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Fig. 4A 
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Fig. 4B 
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Fig. 8A 




Fig. 8B 
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